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A new helical system ("Modular Heliotron") 
with modular coils compatible with efficient 
closed helical divertor is proposed. 
Helical system with continuous helical coils 
such as LHD (Large Helical Device) provides 
with large space for divertor pumping, however 
it is difficult to make the system modular for 
easy maintenance of the reactor system. On the 
other hand, the modular stellarator represented 
by W7-X is designed to optimize the core 
magnetic confinement, but is not optimized on 
the edge and separatrix configuration. In this 
system it is very difficult to keep enough divertor 
space for heat load reduction and helium ash 
exhaust. The most important issue for helical 
system is to search for a good confinement 
configuration compatible with the coil 
modularity and closed divertor. In the actual 
plasma experiments, the improvement of the 
confinement requires the divertor configuration 
and clean structure of magnetic surfaces. 
Until now, various modular coil concepts have 
been proposed, however, they cannot get 
compatibility between above two issues (Table 
1). 
The present proposal (Modular Heliotron, 
Fig.l) is a unique system satisfying coil 
modularity and closed divertor configuration, 
and is a configuration extended from the LHD 
(Large Helical Device) physics concept. This 
system is characterized by the capability of 
keeping large space of divertor chamber, the 
adoption of new coil winding with plus/minus 
modulation, and the formation of magnetic 
configuration by only modular coils without 
poloidal coils. This system overcomes the 
defects of the conventional modular system. 
Moreover, the magnetic configuration and the 
confinement properties obtained by this coil 
system is nearly equal to the optimized 
configuration by the LHD-type continuous coil 
system. 
Physics optimization has been done with three 
criteria; the gap angle between adjacent modular 
coils (index of coil modularity), the branching-
off of divertor separatrix layers (index of closed 
divertor) and the magnetic properties such as 
plasma radius, rotational transform, beta limit, 
particle confinement etc. (index of good 
58 
confinement). Details were reported in Ref. [2]. 
Here typical results on divertor traces are shown 
in Fig.2 for three helical coil systems on the basis 
of the LHD-type configuration. 
Table 1 
Comparisons among Helical Coil Configurations 
~ Improved Reference Conventional W7X-t:ype Modular Modular LHD-t:ype Modular Heliotron Heliotron Continuous Coil (Present Proposal) [1] Coil 
Coil Modularity 0 0 b:.. 0 (SC Joint) 
0 0 0 ~ Helical Divertor (Island 
Divertor) 
Good 0 b:.. 0 0 Confinement (Low p-limit) 
(a) (b) 
-11-
~gap 
Fig. 1 Conceptual design of Modular Heliotron 
(a) one module and (b) total coil system 
(a) (b) (c) 
Fig. 2 Divertor layers of (a) conventional Heliotron, (b) 
reference Heliotron and 
(c) improved Heliotron. 
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